Aim: Iatrogenic premature rupture of membrane (PROM) is one of the major complications related to fetoscopic laser photocoagulation (FLP) for twin-twin transfusion syndrome (TTTS). However, amniotic fluid leakage (AFL) sometimes spontaneously disappears. This study evaluated the incidence and clinical characteristics of transient AFL after FLP. Methods: We retrospectively reviewed pregnancies that underwent FLP for TTTS at a single center. Patients with apparent AFL within 2 weeks after FLP were divided into two groups: transient AFL, defined by the disappearance of fluid leakage within a week; and PROM, if AFL persisted continuously for more than a week or premature birth occurred, including miscarriage, within a week of the first symptom of AFL. Results: Among 201 monochorionic twin pregnancies that underwent FLP during the study period, nine patients (4.5%) were diagnosed with AFL within a week after FLP. Four patients (2.0%) were classified as transient AFL and five as PROM. Median gestational age at FLP was not significantly different between the groups; operative time in the PROM group was significantly longer (P = 0.01). The surgery to delivery interval and median gestational age at delivery were greater in the transient AFL group (87.8 vs 17.6 days, P = 0.01; 32.5 vs 23.6 weeks, P = 0.01, respectively). Conclusions: The incidence of transient AFL after FLP was 2%. Perinatal outcomes of transient AFL might be better than that of PROM.
Introduction
Twin-twin transfusion syndrome (TTTS) complicates 8-9% of all monochorionic twin pregnancies. 1, 2 It is caused by unbalanced blood flow through placental anastomoses from one twin to another, resulting in hypervolemia, polyuria and polyhydramnios in the recipient twin and oligohydramnios in the donor twin. The perinatal outcome of cases with severe TTTS, if untreated, is extremely poor. [1] [2] [3] [4] [5] Fetoscopic laser photocoagulation (FLP) has been regarded as the first line therapy for severe mid-trimester TTTS; 3, 4, 6 however, various complications can be related to fetoscopic surgery. [6] [7] [8] In particular, preterm rupture of membrane (PROM) is one of the common complications after FLP; a recent systematic review reported an average rate of PROM following FLP of 27%. 7 Most recently, a single center retrospective study reported that the incidence of PROM after FLP before 32 weeks was 18.5%, and notably, 5.4% occurred within a week postoperatively. 8 The potential sequelae associated with PROM include premature birth, loss of pregnancy, fetal pulmonary hypoplasia and chorioamnionitis, which may cause severe infant morbidity and mortality. Therefore, as one of the potential complications after FLP, PROM is an important subject.
Incidentally, we have experienced spontaneous disappearance of amniotic fluid leakage (AFL) for a period of time, even after apparent effluent amniotic fluid (AF) into the vagina was recognized after FLP. In cases of temporary AFL, the diagnosis of PROM was rejected and management policies for the patient were changed accordingly. However, the actual incidence and perinatal characteristics of cases of AFL, especially transient AFL after FLP have not been fully investigated.
The aim of the study is to clarify the background and perinatal outcomes of AFL after FLP, depending on the presence or absence of the cessation of leakage shortly after the first awareness of AFL.
Methods
This is a retrospective review of patients who underwent FLP for TTTS at Osaka Medical Center and Research Institute for Maternal and Child Health, Japan, during the period from October 2010 to March 2016. All information was collected from medical records. The Institutional Review Board approved the study, and all patients provided written informed consent.
Twin-twin transfusion syndrome was diagnosed by the presence of polyhydramnios with a maximal vertical pocket (MVP) ≥ 8 cm before reaching gestational age (GA) of 26 weeks and oligohydramnios with an MVP ≤ 2 cm, subsequently classified according to the Quintero staging system. 9 FLP was routinely offered to all patients with stage I-IV TTTS between 16 and 25 weeks' gestation. Essentially, all placental anastomoses on the chorionic plate were selectively coagulated. The surgical procedure was performed by two experienced surgeons according to previously described methods, using a 3.5 mm diagnostic fetoscope and a 3 mm operating fetoscope or a 2 mm fetoscope with a 3 mm cannula that was passed through a 3.8 mm trocar. 10 If needed, amnioinfusion with warmed saline of the sac of the recipient twin was performed to provide better visualization of the placental surface. At the end of the surgery, polyhydramnios was treated with amnioreduction at the surgeon's discretion. Postoperative management for all patients included tocolytics for at least 12 h; patients were kept in the hospital for 14 days after FLP -this long period of hospitalization is particular in Japan. Follow-up examination was performed at our hospital, and patients were later referred back to their local regional perinatal care center.
Cases of AFL that were recognized within two weeks after FLP (duration of hospitalization in our hospital) were included in this study. Cases with AFL after FLP were divided into two groups according to clinical symptoms, and we compared patient backgrounds and outcomes. AFL was confirmed with visual observation of AF flow from the cervical orifice of the uterus or apparent AF pooling in the vaginal space based on inspection by maternal fetal medicine specialists. A diagnosis of PROM is confirmed by visual inspection, essentially 'flow and pooling of amniotic fluid'. pH testing and ferning are used secondarily to diagnose PROM. When AFL was recognized repeatedly more than a week after the first symptom, in addition to a decrease in estimated AF volume in the recipient twin observed on ultrasonography, we confirmed a diagnosis of PROM. When AFL was recognized but ceased within a week after the first observation, patients were classified as having 'transient AFL'. In the transient AFL group, we made sure that the AF volume in the recipient twin remained stable based on ultrasonic evaluation and that patients did not become conscious of vaginal flow sensation.
Maternal demographic data including age, gravidity, parity and use of assisted reproductive technologies were recorded. Perioperative information including GA at FLP, Quintero stage, preoperative cervical length, placental location, surgical duration and the amount of intraoperative amnioreduction were collected. Information regarding postoperative course, including GA at the first awareness of AFL and the duration between FLP and AFL, was also recorded. The duration from FLP to delivery, GA at delivery and the number of fetal survivors in each group were measured as perinatal outcomes.
Data analysis was carried out using statistical analysis software (JMP10; SAS). Categorical variables were compared by χ2 or Fisher's exact tests, and continuous variables were compared using Student's t, non-parametric Wilcoxon's rank sum or MannWhitney U tests. P values <0.05 were considered statistically significant.
Results
Two hundred and one pregnancies with TTTS <26 weeks GA were treated by FLP in the study period. Amniotic leak after FLP was diagnosed in 4.5% (n = 9); four patients were classified as transient AFL and five as PROM. Maternal demographics are reported in Table 1 . There were no significant differences between the transient AFL and PROM groups.
Perioperative information at FLP of the groups is shown in Table 2 . There were no differences between groups in regards to preoperative characteristics, GA at FLP, Quintero stage, preoperative cervical length or placental location. The surgical duration of the transient AFL group was statistically shorter than of the PROM group (P = 0.03). The amount of amniodrainage during surgery in the PROM group was greater than in the transient AFL group, although this difference was not statistically significant (P = 0.08). Table 3 reports the postoperative perinatal outcomes of each group. GA recognized at the first AFL (P = 0.33) and the duration from FLP to first AFL (P = 0.14) were not statistically different between the groups. However, the surgery to delivery interval was statistically longer in the transient AFL group (81.5 vs 14.0 days; P = 0.01), and GA at delivery was higher in the transient AFL (32.7 weeks) compared to the PROM group (22.9 weeks) (P = 0.01). The median duration of leakage in the transient AFL group was three days (range 1-4 ). Two pregnancies ended in miscarriage and another three resulted in preterm birth (GAs at delivery were 22 +6 ,26 +0 and 26 +6 ) in the PROM group. The neonatal survival rate was not significantly different between the groups (P = 0.18). Chorioamniotic membrane separation, defined as disruption of the close attachment of the amniotic and chorionic membranes, was diagnosed in all patients via ultrasonography after FLP.
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Discussion
This study reports the incidence of transient AFL for the first time, which represented 2% of cases undergoing FLP for TTTS in this patient sample. The clinical course in patients with transient AFL seemed to be favorable compared to patients definitely diagnosed with PROM, who showed symptomatic continuous AFL. This result yields important information regarding the postoperative management of patients undergoing FLP. Iatrogenic PROM is a recognized complication of fetoscopic surgery, including FLP. This complication is related to premature birth, and therefore can lead to severe morbidity and mortality of affected infants. 13, 14 However, when AFL subsides in a short period of time, the perinatal course of twins might be favorable. Considering the possibility of transient AFL, we can potentially avoid unnecessary artificial termination of pregnancy.
The technique of instrumental insertion into the pregnant uterus always creates an artificial hole in the chorionic and amniotic membranes, thus rupture of membranes may be considered a reasonable complication after fetoscopic intervention. According to previous studies, the highest reported rate of iatrogenic PROM after FLP is 53%. 7, [15] [16] [17] [18] However, definitions regarding emergent time of PROM after FLP were Amount of amniodrainage (mL) 900 (800-1400) 2500 (500-3020) NS § †Chi-square test for 2 × 3 tables and; ‡2 × 2 tables.; §Wilcoxon's rank sum test.; ¶Mann-Whitney U test. and Data are given as median (range) or N. AFL, amniotic fluid leakage; GA, gestational age; NS, not significant; PROM, premature rupture of membrane. different in each study. Our study demonstrated that AFL occurring immediately after FLP was recognized in 4.5%. In fact, there is no distinct definition of iatrogenic PROM. In the present study, PROM was defined as continuous AFL recognized by visual examination within 2 weeks after FLP. Apart from patients with a definitive diagnosis of PROM, we experienced several patients with transient AFL. Notably, in almost half of the patients who developed AFL just after FLP, this occurrence was temporary.
Comparing patients with transient AFL and established PROM, the surgical duration was significantly longer in the PROM group. Surgical duration can have an effect on the course of cases with AFL; however, we could not assert that duration was relevant to a decreased likelihood of AFL because of the small number of AFL cases in this sample. The surgery to delivery interval and the median GA at delivery were greater in the transient AFL group, while the live birth rate was similar between groups. It was noteworthy that chorioamniotic separation was observed in all patients with AFL after FLP in our series, which is regarded as a risk factor for PROM or preterm birth. 11, 12, 19 Chorioamniotic separation has also been shown to increase the rate of PROM from 23% to 74% (relative risk 3.2, 95% confidence interval 1.9-4.4). 20 Although the true etiology of transient AFL remains unknown, one hypothesis is that an iatrogenic pathway through the chorionic and amniotic sheet created by the surgical procedure might be sealed spontaneously, resulting in resolution of AFL with expectant management. Borgida et al. reported that amniorrexis in most cases occurring post-amniocentesis resolve spontaneously and lead to a favorable pregnancy outcome. 21 In clinical experience, patients with spontaneous preterm PROM progress to stoppage of AL, resulting in a good pregnancy outcome, sometimes delivery at term. These experiences indicate the healing capacity of the fetal membrane. Quintero et al. demonstrated that cell monolayers obtained from an amnion-derived cell line were found to be capable of repairing a microsurgical defect in vitro. 22 However, we do not have sufficient evidence to identify the repair capacity of all layers of the fetal membranes after surgical trauma. The extent of chorioamniotic separation might also potentially influence the clinical course, including whether AFL is temporary or continuous. Nevertheless, the extent of chorioamniotic separation could not be evaluated in the present study.
There are some limitations to this study. This is a retrospective analysis and a relatively small number of patients were available for review. Additionally, we could not verify patient's later detailed clinical courses, because of a rather short observational period. In contrast, there are several strengths of our study. All patients underwent surgery according to uniform techniques and instruments by experienced operators, and the postoperative management policy just after FLP was homogeneous. Patients were hospitalized for a postoperative observation period of at least two weeks after surgery, and thus could be evaluated for accurate, detailed information after FLP.
In conclusion, AFL after FLP can be temporary in some patients. As the perinatal course of patients with temporary AFL might be different from true PROM, it is not necessary to treat all patients with AFL after FLP as having PROM. However, further investigation with larger patient numbers is required to evaluate the characteristics of transient AFL.
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